Until recently, little was known about C cycling, mechanisms controlling its variability in coastal ecosystems (Mcleod et al., 2011) , or the relevance of coastal C cycling to global biogeochemical cycles (Donato et al., 2011) . Initial C balance approaches applied in South Florida coastal ecosystems have shown that mangrove forests sequester globally relevant quantities of C at rates that are sensitive to climate change and disturbance (Twilley et al., 1992; Bouillon et al., 2008; Barr et al., 2012; Breithaupt et al., 2012; Malone et al., 2013) . Because coastal wetlands are often characterized by tidal action or flowing water, their carbon budgets must also take into account exchange over the water-atmosphere interface and exchange of C due to lateral transport (i.e., aquatic C entering and exiting the ecosystem). In this paper, we present estimates of net ecosystem C balance (NECB), net ecosystem exchange (NEE), and aquatic C flux for Everglades freshwater marsh, mangrove forest, and seagrass ecosystems, where available, to make strides toward C budget estimates for these systems. We also identify areas of study that will reduce aBStr act. Recent studies suggest that coastal ecosystems can bury significantly more C than tropical forests, indicating that continued coastal development and exposure to sea level rise and storms will have global biogeochemical consequences.
The Florida Coastal Everglades Long Term Ecological Research (FCE LTER) site
provides an excellent subtropical system for examining carbon (C) balance because of its exposure to historical changes in freshwater distribution and sea level rise and its history of significant long-term carbon-cycling studies. FCE LTER scientists used net ecosystem C balance and net ecosystem exchange data to estimate C budgets for riverine mangrove, freshwater marsh, and seagrass meadows, providing insights into the magnitude of C accumulation and lateral aquatic C transport. Rates of net C production in the riverine mangrove forest exceeded those reported for many tropical systems, including terrestrial forests, but there are considerable uncertainties around those estimates due to the high potential for gain and loss of C through aquatic fluxes. C production was approximately balanced between gain and loss in Everglades marshes; however, the contribution of periphyton increases uncertainty in these estimates. Moreover, while the approaches used for these initial estimates were informative, a resolved approach for addressing areas of uncertainty is critically needed for coastal wetland ecosystems. Once resolved, these C balance estimates, in conjunction with an understanding of drivers and key ecosystem feedbacks, can inform cross-system studies of ecosystem response to long-term changes in climate, hydrologic management, and other land use along coastlines.
iNtrOductiON
The future of coastal wetland ecosystems is uncertain due to a combination of climate change impacts (sea level rise, changes in storm activity, altered freshwater availability) and human activities (population growth, changes in resource and land use). Consequences of coastal ecosystem loss are not limited to the regional services they provide (e.g., storm mitigation, aquifer recharge, fisheries) but rather extend globally through impacts on biodiversity, biogeochemical cycling, and atmospheric interactions.
For instance, recent studies show that vegetated coastal systems store up to 50 times more carbon (C) than tropical forests (1,000 Mg organic C ha -1 ) due to high productivity and low C loss through respiration (Bouillon, 2011; Mcleod et al., 2011; Fourqurean et al., 2012b) . Studies examining patterns and controls on uncertainty in these estimates and their drivers, and point out discoveries that can emerge from regional and global comparisons using consistent approaches and methodologies.
flOrida cOaStal eVergl adeS Study area
The FCE LTER site is situated in Everglades National Park, which can be thought of as a series of linked habitats that include freshwater marshes, mangrove forests, and subtidal areas where seagrasses are the dominant producers. Everglades periphyton assemblages form mats that are dominated by calcium carbonate (30-50% of dry mass), and their residual C is primarily detrital (Donar et al., 2004) , with autotrophic and heterotrophic microbes comprising the small remainder of biomass. These freshwater marshes grade into mangrove forests through an "oligohaline ecotone" that expresses marked variability in salinity and nutrient availability, depending on freshwater flows and marine exposure Troxler et al., 2013) . Mangrove forests vary from short to tall, and most are influenced by semidiurnal tides (Chen and Twilley, 1999; Ewe et al., 2006 (Zieman et al., 1989) .
The FCE LTER study design employs a transect approach (Figure 1 ) to track water flow and ecosystem properties along the two main Everglades drainages, Taylor Slough/Panhandle (which has a short hydroperiod) and Shark River Slough (which has a long hydroperiod). Research sites along these two freshwater flowpaths allow study of the contrasting influences of freshwater inputs and seawater exposure, peat and marl soils, herbaceous and woody plant species, and phosphorus (P) status (Myers and Ewell, 1990) .
apprOacheS fOr eStimatiNg c uptake, StOr age, aNd tr aNSpOrt acrOSS the l aNd-water cONtiNuum ).
Annual net belowground primary production (∆BGB) made a significant contribution to this total (Castañeda-Moya et al., 2011, in press ). Soil C accumulation, estimated from radiometric analyses (Smoak et al., 2013) ; Twilley, figure 2. Balancing coastal everglades ecosystem c budgets. Schematics showing cO 2 uptake, transport, and storage (S) components and land-water-atmospheric fluxes that will be used to balance the fce lter site c budget. existing eddy covariance towers in the Shark river Slough (SrS) riverine mangroves (a) and SrS and taylor Slough/panhandle (tS/ph) marsh (B) will be supplemented by new towers in the tS/ph dwarf mangroves and florida Bay. aboveground and belowground net primary production and ecosystem r are measured at all sites, and c flux research is being expanded to quantify lateral transport of dic, dOc, and pOc in taylor and Shark rivers. Storage is estimated using sediment elevation tables and dated sediment cores. By quantifying these parameters across a spatio-temporally variable template of fresh and marine water delivery, we can create dynamic c budgets to determine how changes in water supply influence the balance of c uptake, storage, and transport. , with approximately two-thirds occurring in the top 10 cm of soil (Juszli, 2006) .
These root-production estimates are generally consistent with rates measured in other freshwater marshes (Birch and Cooley, 1982; Symbula and Day, 1988) but lower than those reported for salt marshes (Valiela et al., 1976; Schubauer and Hopkinson, 1984) . Given the higher sawgrass aboveground primary production, ∆AGB was higher in Shark River Slough than in Taylor Slough and ∆BGB values were approximately equivalent (Table 1; Juszli, 2006) . Soil C accumulation was estimated as 90 g C m -2 yr -1 . The low values for NEE relative to aboveground and belowground net primary production, and equivalent rate of soil C accumulation, suggest that exported C mass and C accumulated in living biomass are equivalent (Table 1) . This is in good agreement with rates of leaf turnover for sawgrass plants estimated to occur three to four times within a year .
Furthermore, these low NEE values also suggest that water-table variation has a significant effect (Schedlbauer et al., 2010) and that periphyton may contribute to CO 2 uptake. Field tests, however, suggest that periphyton does not contribute significantly to NEE , although this result assumes that aquatic C import is negligible, and it neglects the role of flocculent material production and deposition, also reported to be important in Everglades freshwater marsh C cycling (Troxler and Richards, 2009 , and references therein).
Periphyton biomass is high compared to algal biomass in other wetland ecosystems, averaging over 100 g C m -2 and attaining up to 10,000 g AFDM m -2 (AFDM = ash-free dry mass) at some localities (Ewe et al., 2006; Gaiser, 2009; Gaiser et al., 2011) vs. 10-50 g m -2 yr -1 from other wetland types (Vymazal and Richardson, 1995) . Determining the influence of periphyton on NEE is complicated by difficult-to-capture metabolic pulses that occur during drying or wetting events (Thomas et al., 2006) whole-system studies suggest that heterotrophic processes in the mat and of mat-produced C in the floc and water column may, in fact, balance gross primary production . This is supported by the C balance estimates we determined for the freshwater sawgrass marsh in Taylor Slough.
However, periphyton also likely plays a major role in the cycling of inorganic C between dissolved and particulate forms.
Carbon from primary production of seagrasses, estimated for Florida Bay at ψ mangrove root production estimates for size classes < 2 mm to 20 mm in diameter (to a depth of 90 cm). ag = aboveground. Bg = belowground. SrS = Shark river Slough. tS = taylor Slough.
a rate of 31-182 g C org m -2 yr -1 (Zieman et al., 1989) with ~ 37% of net aboveground primary production, is channelled into belowground biomass (Herbert and Fourqurean, 2009 ) and, eventually, the sediment (Orem et al., 1999) . New results suggest that C storage in seagrass sediment rivals that of tropical forests, and that Florida Bay sediment is C-rich compared to seagrass systems worldwide (Fourqurean et al., 2012a,b) . This high capacity for storing C results from high primary production of seagrass meadows, their capacity to filter out particles from the water column, and their subsequent storage in soils (Fourqurean et al., 2012b ). Low decomposition rates in the oxygen-poor seagrass soils allow accumulation over millennia and yield high stability of seagrass C org storage.
aquatic c export (Neto et al., 2006; Pisani et al., in press ). In the estuarine ecotone, mangrove-derived OM likely dominates the particulate organic C source, either in the form of detritus or of resuspended sediment mobilized through tidal action (Mead, 2003; Ding He, Florida International University, pers. comm., 2013) . Lastly, particulate organic C in the marine end-members is, to a large extent, a mixture of terrestrial particulate organic C export and marine-derived OM sources such as phytoplankton and seagrass detritus Hernandez et al., 2001; Xu et al., 2006 .
These studies also indicate that canal inputs (Lu et al., 2003; Yamashita et al., 2010) , leachates of soils, and plant exudates (Lu et al., 2003; Scully et al., 2004; Davis et al., 2006; Maie et al., 2006; Yamashita et al., 2010) are quantitatively important inputs of dissolved organic C to the estuarine ecotone (Cawley figure 3. conceptual model of organic matter (Om) compartments and fluxes, based on research conducted by the fce. The lower diagram refers to drivers of ecosystem structure and exchange. figure 2 summarizes the flows connecting environments and the drivers affecting the exchange of Om (timing, quality, quantity). Both particulate organic matter (pOm, as floc) and dissolved organic matter (dOm, derived from freshwater plant production) are delivered to the estuarine ecotone from upstream. Seagrass-derived litter, pOm, and dOm are delivered to the ecotone from downstream. hydrology and biogeochemical processing control the degradation and residence times of these c pools, and are not fully understood. Thus, whether these allochthonous sources of Om help to fuel the estuarine productivity peak remains to be determined. although we have made great strides in understanding Om dynamics in the fce, there are still many Om pools and pathways to investigate in the context of a dynamic south florida hydroscape. Figure created et al., in press). In addition, there are sources from the fringe mangrove forests Cawley et al., in press) as well as potential exchange with groundwater (Chen et al., 2010 (Chen et al., , 2013 .
Mangroves were found to contribute up to 30% of the dissolved organic carbon that is transported by the Shark River.
uNcertaiNtieS aNd areaS fOr further wOrk
Key areas of uncertainty that will be better constrained by resolving input parameters and synthesizing processbased studies are estimates of net soil C change, aquatic C flux, and, specifically, the contribution of water table variation and periphyton to NEE. Soil C process-based studies can be used to constrain these values of net soil C change and, in some cases, to validate these estimates (e.g., Chambers, 2012) .
While the approaches we employed 
